Abstract. The effective management of risk is critical for construction projects. However, research findings show that risk management is either not used or done ineffectively in domestic construction projects. One of the primary reasons for this appears to be the lack of risk management (RM) capabilities and knowledge. A study aimed at developing a system for supporting the effective use of RM is presented. The system has been designed so as to provide the required functionality to assist owners and contractors to develop their capabilities to manage risk effectively, including: a) to assess the existing RM organizational maturity and to report on the existing gaps, b) to propose recommendations for improving the organizational RM capabilities in the light of the detected gaps, and c) to help companies with the implementation and improvement of RM within the organization. The system prototype has been successfully applied in several companies that served as initial case studies. It is anticipated that the system will assist clients and contractors to advance effective risk management capabilities and to improve their project risk management performance in the medium range. The system can also be applied in other countries that face the same RM difficulties.
Introduction
Risk has become an integral part of our society (Vasvári 2015) . In this context, every business faces uncertain events that can generate undesirable results for the organization (Aven 2011) . As stated by Zhao et al. (2013) , the construction industry in developing countries is also subjected to these uncertainties. In addition, Ebrahimnejad et al. (2010) state that in these countries, construction undertakings are prone to a wide range of uncertainties. A recent study by Bowers and Khorakian (2014) has reported that there is scarce indication of effective uses of risk management within construction projects in these countries.
In line with these findings, previous research results have shown that clients who hire construction services on a recurring basis do not apply RM practices systematically, which has resulted in negative consequences on the performance of projects in Chile (Howard, Serpell 2012) . One of the primary causes of this situation appears to be a lack of risk management capabilities as well as the extended belief within the industry that RM is not really relevant for construction project management.
The impact of the described situation prompted a research proposal aimed to develop an RM system to support the evaluation and development of RM capabilities in Chilean construction organizations. The system was built with the following specific purposes: a) to provide an instrument to evaluate the existing organizational RM capabilities and to report the results from this evaluation, b) to propose recommendations for improving these RM capabilities, and c) to serve as a knowledge repository to support RM implementation and improvement. Main research contributions are the promotion of the application of RM within the domestic construction industry, the diffusion of RM knowledge and practices addressing the cognitive constraints of RM (Massingham 2010) , and the creation of an effective and simple to use RM system to help companies to develop and improve their RM capabilities in an environment that is reluctant to the application of RM.
In the next sections, a brief overview of literature studies that address RM and the main topics that were used as the basis for the development of the proposed system are presented. The subsequent sections present a depiction of the methodology of the research effort for building the proposed system and a description of the system prototype. The main conclusions of this research work are presented at the end of the paper.
Background

Risk management
Risk management can be defined as the identification, appraisal and prioritizing of risks followed by the coordinated and economical application of resources to minimize, monitor, and control the probability and/or impact of unfortunate events (Hubbard 2009 ). When applying RM to projects, it must be closely integrated into the overall project management process to be effective (Hillson, Simon 2012) .
Currently, the practice of risk management in the Chilean construction industry is reactive, sporadic, and unstructured, resulting in a lack of capacity to manage risks appropriately. As a result, many projects have suffered big losses and delays and in many cases, they end in a contractual conflict since the assignation of risks is not clear between owners and contractors (Serpell et al. 2015) . The few studies that exist in Chile on RM show that there is a very high level of improvisation on RM and no systematic approach to RM can be found. Even some of the largest mining companies that carry out very large projects do not perform well on RM. A consultation conducted for one of these companies showed that the weakest project management competence of its project managers was risk management by far, with very big gaps when compared with the required competence according to PMI and IPMA (SPG 2015) . Furthermore, design and construction risks have led to the failure of the first drawbridge in the south of Chile with a loss of more than US$ 30 million and a delay of more than 3 years.
The aforementioned deficiencies have an impact on project development. In construction projects, risks can seriously affect their main objectives: time, cost, scope and quality, which can mean an additional cost and hence a low rate of return on the investment for the customer and a loss of profit for the contractor, in addition to other serious consequences.
Risk management in developing countries
Today risk management is an integral part of and has become an increasingly important topic of discussion in the literature of project management (Olsson 2007; Monteiro de Carvalho, Rabechini Junior 2015) .
In the last four decades, RM research has grown considerably in the construction industry (Forbes et al. 2008; Lehtiranta 2011; Hwang et al. 2014) . Construction projects are perceived to have more inherent risk due to the involvement of many contracting parties and stakeholders such as owners, contractors, the community, and designers, among others (El-Sayegh 2008) . Risk management should be implemented in construction projects to assure the achievement of project objectives, regardless of project size (Hwang et al. 2014) and the localization of the project. For doing this, there are many sources of information and knowledge on RM, particularly the PMBOK (PMI 2013) and other specialized literature published by the Project Management Institute (PMI) as well as other similar institutions. In fact, today it is possible for a professional to obtain the certification of a PMI-Risk Management Professional.
However, in the case of developing countries, concern about RM in construction projects is extremely limited. The literature regarding the application of risk management in construction projects in developing countries is quite scarce but the few works on this topic indicate that RM is not applied consistently (Tadayon et al. 2012; Howard, Serpell 2012; Ghahramanzadeh 2013) . For example, Tadayon et al. (2012) report that construction companies in Iran have not focused on risk management in their projects. In a recent study, Hosseini et al. (2016) report that there are four factors regarded as highly critical to the application of risk management in developing countries: 1) support from managers, 2) inclusion of risk management in construction education and training courses for construction practitioners, 3) attempting to deliver projects systematically, and 4) awareness and knowledge of the process for implementing risk management. Coincidentally, the research reported in this article addressed most of these factors before the publication of the cited paper.
Knowledge management and risk management
In the context of RM, knowledge management plays an important role as a potential enabler of working skills and as a means of improving the capacity of teams to enhance the way they share knowledge and the tools they use (Rodriguez, Edwards 2008) . Nevertheless, despite the knowledge-intensive nature of RM, very scarce attempts have been made to create knowledge management systems to support it (Neves et al. 2014) . However, there is an emerging research field that is called knowledge risk management (KRM) that intersects two previously separate fields: risk management (RM) and knowledge management (KM) (Massingham 2010) . According to his paper, investigators claim that knowledge is required to understand and to manage risk, and that they are conducting studies that are focused on two principal aspects: 1) to assess how knowledge can reduce risk leading to better risk management, and 2) to determine how KM can help in improving RM.
The implementation of knowledge management is particularly interesting for the construction sector (Carrillo, Chinowsky 2006), because this approach could help the industry to innovate, improve performance (Kamara et al. 2002; Hayles et al. 2004) , and better handle their particular characteristics. This is also true for the application and improvement of RM for construction projects, since RM can be considered as a knowledge management activity (Neef 2005) . As explained by Hosseini et al. (2016) , the effective management of knowledge could be a remedial solution to assure support from high-ranked managers within construction organizations for risk management implementation. As described later, knowledge management for risk management was then contemplated for the RM system development in this research.
Risk management maturity models
One of the first steps to improving RM capabilities in construction is to know what is the current organizational situation regarding this important function. A risk maturity model is a tool designated to assess the RM capability of an organization (Hopkinson 2011) . Maturity models involve structuring managerial processes and key areas in which the capabilities and practices to be developed are grouped . As stated by Görög (2016) , "organizational project management maturity has relevance and implies the potential for both improving project management preparedness and the associated increasing success rate of projects in organizations".
There are several known RM maturity models that have been proposed over the years (Hillson 1997; INCOSE 2002; Yeo, Ren 2009; Zou et al. 2010; Hopkinson 2011; Zhao et al. 2013 ). All of these models are tools that allow an organization to implement formal risk processes, to identify their priorities for process improvement, to determine whether or not their risk processes are adequate for the organization, and to produce action plans for developing or enhancing their RM process maturity level (Hillson 1997; Hopkinson 2011) . Since this approach has been validated by many studies reported in the literature, and it is an accepted procedure, it was also considered as one of the RM system features to be used as a first step to assess and develop the risk management capability of an organization within its specific organizational culture and values.
Description of the research
The ultimate purpose of the research was to develop a risk management advancement system, to support the development and application of RM in domestic construction companies and organizations. It is important to note here that an exhaustive literature search showed that no system for fostering the application of risk management has been reported. Most of the reported systems are used to help with the risk analysis process or for specific applications like disaster management (Dorasamy et al. 2013) , financial risk modelling (Pan et al. 2016) , and supply chain transportation systems (Li et al. 2016) . Also, Khameneh et al. (2016) published a paper on the evaluation of the performance of project risk management systems offering a framework for carrying out this evaluation.
The main guidelines established for the elaboration of the system were: 1) the system had to be easy to use and understand, and 2) it had to be reasonably adjusted to the culture and concerns of the local construction sector regarding RM.
Accordingly, the validation approach used throughout this research was mainly based upon the participation of local RM experts and case studies. This approach was found more suitable than others based on surveys or questions since most of the local construction people are not very knowledgeable about RM. A total of eight professionals with very extensive experience and knowledge on RM participated as reviewers of the research results. They were divided into two independent panels of four experts each. Table 1 includes a description of the participant experts and their experience on the topic.
Four research questions were stated for this undertaking as follows:
1. What are the most important factors that determine the performance of RM in an organization? 2. How can the RM competence of domestic construction organizations and companies be assessed? 3. What knowledge is needed for a competent management of risk in local construction projects? 4. How can the required RM knowledge be obtained, organized and made available to construction organizations in a useful way? Consequently, the first research goal was to develop an RM model of performance factors that determine the capability of an organization to perform RM, starting from the international literature. A very large number of books and papers were reviewed for this purpose. Once the RM model was created, it was firstly reviewed by one of the four-experts panels that made observations and comments, which were included in the next version of the model. This version was reviewed then by the second of the four-experts panels not involved previously in the first revision stage. It has to be noted here that this validation approach was used for each of the research stages.
The second research goal was to develop an instrument for evaluating RM practices using an organizational maturity model, and to provide introductory best practices for overcoming identified gaps in the management of risk in construction projects. Main activities used to develop this instrument were, first, a literature review focused on determining assessment methods for RM, and existing maturity assessment models for RM. Second, the key assessment factors, assessment levels, and characteristics of each RM factor, at each maturity level were determined. As explained before, the two panels of experts participated in the evaluation and validation of these findings. Third, a comparison and preliminary proof of the model for assessing the RM competence of construction companies were carried out. Finally, the assessment tool was validated through the application of the tool in a few construction companies used as case studies, and was adjusted and calibrated according to the feedback obtained from these companies. These companies were invited to participate because of their positive interest in innovation.
The assessment of the companies that served as case studies allowed an early diagnosis and the identification of the main RM competence gaps (Serpell et al. 2015) . The final step was to ascertain a preliminary collection of best practices from the international literature for helping companies to close these gaps. As an initial base of best practices, this approach was found appropriate since knowledge from local companies and practice was not available. The panels of experts as explained above validated these best practices.
The third research goal was to determine the knowledge needed for the application of RM in construction projects and to build an RM knowledge map. To achieve this goal, the knowledge applied in the RM of construction projects was identified from the literature. Then a knowledge map was constructed and validated subsequently by the panels of experts.
The fourth and final research goal was to construct a prototype of the system to advance the application of risk management in construction projects. The system was defined and structured so that it can provide all the specified functionality: 1) the ability to assess the RM organizational capability through a maturity approach, 2) the capacity of proposing best practices to close the resulting maturity gaps, and 3) the ability to collect new RM knowledge. A definition of the system architecture was carried out including the development platform, the functions of the system components, the operating policies, and the applications' procedures. The system was validated through the panels of experts and meetings with the companies that participated as case studies.
Research results
Results obtained from each of the stages that were performed to achieve the goals as stated above, are described in the next sections.
The risk management model
From the literature review, an RM performance model was created and validated by the two panels of experts. This model is shown in Figure 1 with its main factors and sub-factors. The main purpose of this model was to identify the factors that have the highest impact on the organizational performance of RM according to what is reported in the literature. The model was simplified and adapted to the local culture. These factors and sub-factors were later used as the framework for the RM maturity evaluation instrument as explained below.
The mechanism for evaluating the organizational maturity of RM competences
An essential part of the research was the development of the mechanism for evaluating the organizational competence for RM using a maturity approach. After an extensive analysis from the literature and taking into account the opinions of the panels of experts, it was decided that the maturity model to be used throughout the evaluation system should have four maturity levels for each of the sub-factors as defined above. The maturity measurement is carried out at the sub-factor level. The generic definition of each of the maturity levels is as follows:
-Level 1 Non-existent: the company has a very low maturity level in the sub-factor. If it exists or is applied to some level, this is done occasionally and only because some person decides to do so out of his or her own concern but is not an established practice. The score in this case is one. -Level 2 Basic: the company has a rudimentary and emerging development of the sub-factor. If it is applied, it is usually in a casual way, and a growing involvement and founded concern can be appreciated. The score in this case is two. -Level 3 Semi-structured: the company incorporates the sub-factor, but progress towards this is, nevertheless, incomplete. The sub-factor is held or applied in a proper and established way, but still in an irregular approach, with restricted application in selected projects. The score in this case is three. -Level 4 Structured: the company advances the subfactor continuously taking care for its improvement.
The sub-factor is applied in a formal, established, and consistent manner to all projects within the organization and its participants. The score in this case is four. The mechanism for the assessment of the RM organizational maturity is a survey that is applied on-line to personnel selected by the company itself. This survey was validated by the two groups of experts and applied to four construction firms via the Internet as part of the preliminary study. The study involved the participation of a total of 44 executives and professionals from these four companies. This study also permitted to check the assessment mechanism in practice. Observations made indicated that the mechanism was suitable and that outcomes agreed with current RM maturity conditions in each firm. Table 2 provides a profile of the companies, executives and professionals that participated in the survey. Table 3 shows the results of every firm for each key factor and sub-factors of the RM model as well as their average. As shown in the table, the most critical sub-factor is the Availability of an RM structured system with a value of 1.8, which means that in this sub-factor, the maturity is below the Level 2 Basic level as described above. The latter sub-factor is followed by the Definition of RM responsibilities; Level of RM knowledge; Abilities for RM; Management of RM knowledge; Integrated RM process; and Measurement of RM performance. These results are an indication of the fact that people have an incomplete knowledge of RM and that these construction firms do not have appropriate RM processes and organization. In this table it is possible to appreciate that most of the companies have low scores in most of the subfactors, showing maturity levels around the Basic level, which is very low.
The knowledge required for risk management (RM)
First, a compilation of best practices was carried out through the literature review. The idea was to determine actions that would help companies to improve their current RM maturity level. The methodology for determining and classifying best practices is depicted in Figure 2 . The set of best practices was grouped according to the RM model factors. These best practices have been associated to the four different maturity levels and to each of the RM model sub-factors with the purpose that the system recommends them to help the organization to pass from a lower maturity level to a higher maturity level. Then, the set of best practices used in the system is classified into the following main groups: communication, organization, knowledge, integration, and process. An example of a best practice for the factor Integration is as follows: to promote risk knowledge exchange between stakeholders and key areas of the organization. This best practice can help the organization to progress from maturity level 2 to maturity level 3.
Using the RM maturity evaluation approach and the best practices provided by the system or generated by the company itself, companies can start a continuous improvement process as shown in Figure 3 . They can repeat this cycle as many times as they want and they can also make comparisons with the levels of maturity of other companies that also use the system by benchmarking.
Second, a study of the knowledge necessary to carry out risk management in an effective way was conducted. As a result, knowledge maps were built for this. The lack of RM general knowledge is an important limitation for Fig. 2 . Methodology for the compilation and validation of the preliminary best practices knowledge its application. In a recent consultancy study with an important Chilean mining company, RM was found to be the weakest knowledge area among its project managers (Serpell et al. 2015) . Thus, it was considered useful to provide project managers with a system that can provide them with the basic RM knowledge in a simple way. The generic knowledge was organized along three knowledge dimensions considered at each RM stage: risk planning, risk identification, risk evaluation, risk responses, and risk monitoring and control. These dimensions were as follows: 1) Organization; 2) Project Factors; and 3) Tools, Techniques and Methodologies. The use of this knowledge aims to guide the development of RM and to help with the progress of the RM maturity level within the organization. The main contribution of this component is to facilitate users' access to this fundamental knowledge.
The system can also acquire new knowledge for risk management if companies add new risk records, new best practices and new risk responses from their own experiences in projects. Project types and project characteristics are used as the basis to organize these kinds of knowledge.
The risk management support system (SAGER)
The RM support system was created with support from a company specialized in software development and placed on a web site. The name of the system (SAGER) represents the acronym of the Spanish words for "Support System for Risk Management". The basic architecture of the system is shown in Figure 4 .
As shown in the figure, the system contains two main components. First, the RM maturity evaluation module, which has two main goals: 1) to evaluate the RM maturity level and identify maturity gaps, and 2) to recommend best practices to help the organization achieve its desired level of RM maturity. The second module is the knowledge management module, which has two objectives: 1) to acquire new and useful RM knowledge, and 2) to furnish the existing RM knowledge to everyone that wants to use it.
A system administrator who is in charge of accepting companies and assigning company administrators manages the system. This agent is the only participant who can see the list of all the companies in the system, since the idea of the system is that each company can keep its information confidentially. The users are the participant companies. Figure 5 represents the initial screen when the system is accessed and shows most of its functionality. All the figures in the system are in Spanish but a translation of the main components has been added in bold.
Description of the functionality of SAGER
In the Companies module, all companies created in the system are listed. This module allows the administration of companies that use the application. The Users module is used to administrate all the users that belong to a company.
The Projects module is used to administer the different projects that belong to a company. The Administration of Questionnaires module allows the application and finalization of the questionnaire for evaluation of the RM maturity of a company. It is also possible to obtain a report The RM module allows the administration of dynamic lists that are necessary to create risk records. These lists correspond to the main possible causes of risk events, their impacts on the project, the categories and sub-categories in which the risk events take place, and the description of the categories of responses that were applied to manage the risk events. The Questionnaire module shows the questionnaires that have been answered by members of the company and those that are still pending and ready to be answered. The Risk Records module is used to create the risk records of the events that have occurred in projects and that are stored in the system. Later, this information can be used for new projects through a search that is facilitated by several kinds of filters. Finally, the Knowledge Map module is used to help in the search for knowledge to face risk events and to carry out RM. This module can be fed continuously.
Conclusions
A knowledge-based RM support system has been presented in this paper. The idea is to use this system to foster the application of RM in a professional environment that is not familiar with using RM. This system was developed with the help of construction companies that participated in the process as well as eight highly specialized RM professionals. These actors helped to validate the described prototype.
After ending the prototype system, other companies have demonstrated interest in participating in the use of the system. They appreciated the easy-to-use system and the fact that all the required knowledge to apply RM is in one place. This situation is quite positive and provides hopes for a real improvement of RM in construction projects in the future, although this improvement will not be instantaneous. However, it is expected that the measurement of the maturity levels will make the problem more visible in the industry and promote the application of RM. It is also expected that the easily accessible system knowledge might help to change predominant attitudes around this topic.
However, the work is not yet complete. Some limitations of the research work included the difficulty in getting more explicit knowledge from experts and companies, and the preliminary compilation of the included best practices, which are still lacking for an effective functioning of the system.
More work is needed then in different areas. For example, with the usage of the system, further best practices will be developed as well as more knowledge of risks. In addition, this knowledge will be tested when used in practice allowing further refinement of it. Regarding new research areas, it is recommended to expand the system to include the capacity for measuring the performance in risk management of projects carried out by each company systematically. 
